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RECENT DEVELOPMENTS IN THE EFFECTS OF SMOKING AN 
NICOTINE ON THE CARDIOVASCULAR SYSTEM OF MAN* 


The controversy still exists as to whether smok- 
ing really has an effect on the cardiovascular sys- 
tem of man in health and in disease. During the 
past five years, various studies have been made 
on the effects of smoking and nicotine. 

Earlier studies were carried out to determine 
whether the mechanical act of smoking, the cig- 
arette paper, or the substances contained in the 
tobacco smoke produced constriction of the pe- 
ripheral blood vessels during smoking. Many in- 
vestigators presented evidence that the effects of 
smoking on the peripheral blood vessels were due 
to the absorbed portion of the tobacco smoke 
which contains pyridine bases, carbon monoxide 
and nicotine. 

Recently, Kensler extended and reviewed the 
studies of the substances in smoke and indicated 
that smoke consists of two phases: (1) the liquid 
aerosol or particulate phase, containing a variety 
of aliphatic and aromatic alcohols, esters, sterols, 
aldehydes, ketones, acids, phenols, amino acids, 
vitamins, alkaloids such as nicotine, inorganic 
elements and free radicals; (2) a gas phase, con- 
taining carbon dioxide and monoxide, hydrogen 
cyanide and volatile hydrocarbons. However, it 
is most likely that these substances are not present 
in smoke in sufficient quantities to produce car- 
diovascular effects. Thus, nicotine is still the most 
important substance in smoke, and the constric- 
tion of the peripheral blood vessels produced by 
smoking cigarettes is analogous to that produced 
by a similar amount of nicotine. 

Travell has shown that pH modified the absorp- 
tion of nicotine from intact subcutaneous tissues 


*From the Vascular Laboratory, Lovelace Clinic, 
Albuquerque, New Mexico. 
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and ligated stomach and urinary bladder in cats. 
At a pH of 5, it is absorbed slowly and animals 
survived doses of 20 to 50 mg./Kg. of nicotine, 
while at a pH of 6, absorption proceeds rapidly 
and 10 mg./Kg. may be fatal. An appreciable 
amount of nicotine can accumulate in the urinary 
bladder and cause acute toxicity if the urine is 
alkalinized. 

The standard cigarette weighs 1 Gm. and con- 
tains 20 mg. of nicotine. According to Baum- 
berger, when a cigarette is smoked, 35 per cent 
of the nicotine is destroyed at the burning tip, 
35 per cent is lost in the side stream and much of 
this is given off to the environment; 22 per cent 
enters the mouth through the main stream of the 
smoke and the remaining 8 per cent remains in 
the unsmoked portion of the cigarette. It is esti- 
mated that 3 to 4 mg. of nicotine enter the res- 
piratory passages, while from 2.5 to 3 mg. are 
absorbed by the lungs. 

Larson, with newer techniques reported that 
during cigarette smoking only 10 per cent of the 
nicotine is absorbed by the noninhaler and 90 
per cent by the person who inhales, while during 
cigar smoking slightly higher percentages are ab- 
sorbed. If a tobacco quid is retained in the 
mouth for eight hours, tobacco chewers may ab- 
sorb up to 90 per cent of the extraction from the 
quids, or as much as 88 mg. per day. 


Mechanism of Action of Nicotine: Earlier 
workers attributed the vasoconstriction of the 
peripheral blood vessels, during smoking or the 
intravenous injection of nicotine, to the stimula- 
tion of the sympathetic nervous system, particu- 
larly the autonomic ganglia. Recent work by 
Pelikan suggested that nicotine may prevent 
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ganglionic transmission by impairing the release 
of acetylcholine. 

In 1948, Schmiterlow showed in animals that 
norepinephrine was present in the wall of the 
peripheral arteries. Haimovici reported from 
perfusion experiments in animals that nicotine 
may act directly on the blood vessels because the 
vasoconstrictor action of nicotine occurs even 
after the removal of the sympathetic chains and 
the spinal nerves. A new concept was developed 
by Burn and Rand, who have shown in the rabbit 
that the constrictor action of nicotine may be 
due to a release of norepinephrine from the wall 
of the arteries, since the vasoconstrictor action 
of nicotine may not occur if there has been prior 
administration of reserpine which causes the 
norepinephrine to disappear. 


Peripheral Circulation 


That smoking causes constriction of the pe- 
ripheral blood vessels, both in normal subjects and 
more conspicuously in those with peripheral vas- 
cular disease, is generally agreed. Roth et al. 
confirmed earlier work and pointed out that all 
methods of measuring blood flow in man are in- 
direct and each has its own inherent error. Fur- 
thermore, irrespective of the method used, cer- 
tain factors concerned with the status of the indi- 
vidual bear directly on the measurement of the 
blood flow in the extremities. These are the en- 
vironmental temperature, the position of the sub- 
ject, particularly of his extremities, the taking of 
food, and the basal metabolic rate. Any smoking 
test should consider these factors. When normal 
subjects smoke two-thirds of two cigarettes, no 
tolerance develops to tobacco with respect to the 
vascular effect. An elevation of blood pressure 
and pulse rate and a decrease of the skin temper- 
ature of the extremities occur. Nicotine appears 
to be the most important factor in producing the 
vascular effects. Although the oral administra- 
tion of alcohol produces vasodilatation of the pe- 
ripheral blood vessels, the vasoconstriction from 
smoking could not be prevented at any time dur- 
ing alcoholic vasodilatation. 

In 1957, Nordenstam and Adams-Ray de- 
scribed the presence of chromaffin tissue in the 
human skin. Later, Burn and co-workers studied 
the effects of nicotine on the perfused vessels of 
rabbits’ ears treated with reserpine and found 
that nicotine no longer produced vasoconstriction 
because of the depletion of norepinephrine and 
epinephrine. Therefore, they suggested that pe- 
ripheral vascular disease could be explained by a 
hypersensitivity to the action of nicotine in re- 
leasing catecholamines from chromaffin tissue lo- 
cated near the blood vessels of the skin. 

As a result of the work of Burn and Rand on 
animals, Stromblad injected nicotine into the 
brachial artery of healthy subjects. Subsequently, 
nicotine caused vasoconstriction in the hand. 


606 


Sympathicolytics and ganglion-blocking agents 
abolished the effect of nicotine. This appears 
consistent with the assumption that nicotine 
causes a release of sympathicomimetics from the 
chromaffin system in the human skin, but could 
also be explained by the existence of a peripheral 
nervous plexus, containing ggnglion cells. 

Watts found that injections of nicotine in ani- 
mals or smoking of tobacco by normal men pro- 
duced an increased secretion of epinephrine, but 
not of norepinephrine, in the urine. 

In contrast, Rehder and Roth found no appre- 
ciable rise in the levels of the fasting blood sugar 
and the epinephrine-like substances in the venous 
blood in normal subjects during smoking. How- 
ever, the blood pressure and pulse rate were sig- 
nificantly raised and the skin temperatures of the 
fingers and toes were decreased. 

Previously, it had been shown in the rabbit 
that the constrictor action of nicotine was unaf- 
fected by degeneration of all sympathetic fibers 
to the ear after removal of the stellate and su- 
perior cervical ganglia. Rapaport, Frank and 
Massell, and Roth and Shick found no vasocon- 
striction in the lower extremities in patients dur- 
ing smoking if bilateral lumbar sympathetic 
ganglionectomy of the first and second lumbar 
ganglia was complete, but a considerable fall in 
the skin temperatures of the fingers occurred. 
Thus, the remainder of the sympathetic nervous 
system seemed to function in a more than ade- 
quate manner. 

Freund and Ward did not find significant 
changes following smoking in patients with pe- 
ripheral vascular disease, but stated that variation 
in pathology in their patients and, in part, the 
decreased reactivity of tissue may account for the 
lack of significant change as compared to nor- 
mals. 

Eckstein and Horsley obtained venous pressure 
volume curves and venous pressures simultane- 
ously from the forearm before and after the in- 
jection of 1 mg. of nicotine in 5 ml. of normal 
saline. This produced constriction sufficient to 
push blood from the forearm, but there was no 
change in venous pressure. 

Eckstein et al. found that smoking reduced the 
blood flow in the foot in 90 per cent of their 31 
tests carried out in a warm room, a cool room, 
and after 24 to 48 hours of abstinence from to- 
bacco. The average decrease was similar. Appar- 
ently, these different control levels of vasomotor 
activity do not alter significantly the vasocon- 
strictive effects of smoking cigarettes. Smoking 
was a less intense vasoconstricting stimulus than 
cooling the environment from 83 F. to 68 F. 

Rottenstein et al. determined the blood flow in 
skeletal muscle of normal men before and after 
intravenous injection of nicotine by the venous 
occlusion plethysmograph and Hensel thermoelec- 
tric needle, after skin blanching with adrenalin 
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iontophoresis. Cutaneous temperature of the toes 
was similarly obtained. After nicotine, the cu- 
taneous flow decreased and by both methods of 
measurement the muscle blood flow increased; 
this increase subsided within six minutes while 
cutaneous vasoconstriction was prolonged. 

Juergens compared the incidence and extent of 
smoking of 400 men with peripheral arterioscle- 
rosis obliterans and an approximate number 
without peripheral vascular disease. At the onset 
of symptoms of peripheral arteriosclerosis, 97.5 
per cent of the men were smokers, while only 2.5 
per cent were nonsmokers. The incidence of 
smoking in men less than 60 years of age with 
arteriosclerosis was significantly higher than 
in those patients who had no evidence of the dis- 
ease. Likewise, a nonsmoker rarely, if ever, is 
seen with thromboangiitis obliterans. Various re- 
ports have been made of the relief of symptoms 
of this disease after cessation of smoking. 

In view of this, a word about filtered cigarettes 
is important, as there has been an implication 
that there is a definite added safety factor in fil- 
tered cigarettes. Previous studies have shown 
that the physiological effects of smoking ciga- 
rettes with a filter were not different from those 
of smoking ordinary or “denicotinized” cig- 
arettes. The chemical laboratory of the American 
Medical Association has reported that the frac- 
tion of nicotine removed from the main stream of 
the smoke by the filter is small (approximately 5 
per cent). Wright and others have reported a re- 
lapse in thromboangiitis obliterans, with reactiva- 
tion of the disease, after smoking filtered ciga- 
rettes. 

Much investigative work has been done to es- 
tablish the fact that hypersensitivity to tobacco 
exists in cases of thromboangiitis obliterans and 
to a lesser extent in cases of coronary heart dis- 
ease. Fontana et al. demonstrated that 33 per 
cent of the smokers with positive skin reactions 
to tobacco had some other allergic conditions 
when compared with 10 per cent of the smokers 
who did not react to skin tests. On smoking, 23 
per cent of smokers with positive skin tests to 
tobacco had a fall in skin temperatures of the ex- 
tremities, while only 4 per cent of the smokers 
with negative skin tests had changes in skin tem- 
peratures. 

Harkavy reported that skin tests of 57 patients 
with coronary artery disease during 1958-59 
showed that 59.6 per cent of those who smoked 
had positive skin tests, while 29.6 per cent had 
negative reactions along with 10.7 per cent of 
the nonsmokers. The average age of onset of 
acute coronary artery disease was as follows: 56 
years for smokers with positive skin tests, 65 
years for smokers nonsensitive to tobacco, and 
69 years for nonsmokers with negative skin tests. 

In contrast, in 1959 Armen and Cohen studied 
the effects of forced inhalation of tobacco smoke 
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on rabbits previously sensitized to tobacco pro- 
teins. They concluded that the cardiovascular ef- 
fects demonstrated by abnormalities of the electro- 
cardiogram were due to anoxia and not to im- 
munological effects. 

Haag, in an extensive review, pointed out that 
there was need for further animal investigation 
to serve as a sound immunological basis for arriv- 
ing at valid clinical concepts of possible tobacco- 
linked disease conditions. 


Effects of Tobacco or Nicotine on the Heart 


Most investigators agree that smoking, or the 
intravenous injection of nicotine, produces an in- 
crease in pulse rate and blood pressure and some 
flattening of the T waves of the electrocardiogram. 
Extensive studies have been carried out to deter- 
mine whether these results were due to increased 
work of the heart or to coronary constriction. 

As early as 1938, Graybiel, Starr and White re- 
ported that a few individuals were susceptible to 
small amounts of nicotine absorbed during smok- 
ing, but the occasional attacks of angina pectoris 
precipitated by smoking were not the result of 
coronary vasoconstriction but of a sudden in- 
crease in the work of the heart, as shown by the 
increase in blood pressure or pulse rate or both. 
In contrast, in 1941, Bellet and Kershbaum ad- 
ministered nicotine to dogs before and after liga- 
tion of a coronary artery. After ligation, only 
a fourth as much nicotine as before operation 
was required to produce the marked electrocar- 
diographic changes. Later, in 1951, Burn and 
Grewal concluded that smoking may produce 
coronary constriction in man as a result of the 
release of posterior pituitary hormones. 

Turning to the past five years, extensive experi- 
mental and clinical studies have been carried out 
to resolve this controversy. After intracoronary 
arterial injections of nicotine, West et al., work- 
ing on dogs, concluded that there was no evidence 
of coronary constriction following the administra- 
tion of nicotine. The results indicated that chemo- 
receptors, parasympathetic and sympathetic or 
sympathetic-like ganglia (chromaffin tissue) af- 
fected by nicotine are present in the heart and 
that the type of response depends on the predomi- 
nant ganglia or receptors stimulated at the site 
of the injection. The electrocardiographic changes 
produced in their animals by intracoronary injec- 
tions of nicotine,epinephrine and norepinephrine 
were similar to those described in man after in- 
travenous administration of nicotine and during 
cigarette smoking. Their studies further suggested 
that anginal attacks associated with smoking are 
referable to increased cardiac work resulting 
from the sympathomimetic effecis. 

Forte et al. studied intact dogs during an in- 
fusion with nicotine and found that in these ani- 
mals the oxygen supply was increased sufficiently 
to meet the greater myocardial oxygen demand 
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without any unfavorable effect on mechanical ef- 
ficiency if the coronary arteries were normal. 

Kien, Lasker and Sherrod determined the ef- 
fect of cigarette smoke on the open-chest anes- 
thetized dog. They suggested that the electrocar- 
diographic disturbances subsequent to the inhala- 
tion of cigarette smoke were not due entirely to 
increased cardiac work or the coronary vasocon- 
striction, but rather to decreased oxygen utiliza- 
tion. 

A new concept was introduced by Burn and 
Rand who demonstrated that the stimulant action 
of nicotine on the isolated atria of the hearts of 
rabbits was due to a release of noradrenalin and 
adrenalin from the stores within the heart. Such 
stores of these amines could be depleted by giv- 
ing reserpine, and subsequently nicotine did not 
stimulate the depleted atria. The stores of nora- 
drenalin and adrenalin in the normal heart exert 
some effect and accelerate the spontaneous rate 
of the heart. They concluded that smoking can 
liberate noradrenalin and adrenalin from the 
stores within the heart and thereby produce ac- 
celeration of the rate, and may cause or exag- 
gerate ventricular arrhythmias. 

Atherosclerosis: Travell and Rinzler showed 
that blood flow in the perfused coronary arteries 
of normal rabbits was increased after the injec- 
tion of nicotine, while rabbits which had been 
made atherosclerotic by high cholesterol diets had 
a decline in flow through the perfused coronary 
vessels after nicotine. Likewise, nicotine caused 
transient sagging depression of the S-T segment 
of the electrocardiogram, characteristic of coro- 
nary insufficiency, in about 10 per cent of athero- 
sclerotic rabbits but in none of the controls. 

Wenzel et al. studied the effect of graded oral 
doses of nicotine plus a high cholesterol-fortified 
diet in rabbits. The nicotine-cholesterol group 
demonstrated greater mortality as well as greater 
electrocardiographic and pathological evidence 
of cardiac involvement and peripheral vascular 
changes than did the cholesterol or nicotine 
groups alone. 

On the other hand, Page and Lewis observed 
that smoking of two nonfilter tip cigarettes by 
habitual smokers or nonsmokers was without ef- 
fect in modifying cholesterol or lipoprotein con- 
centrations during the 30-minute period immedi- 
ately after smoking. Blackburn et al. compared 
cardiovascular and related characteristics of ha- 
bitual smokers and nonsmokers in a group of 
men 17 to 67 years old in the United States and 
Finland. If the excess cardiovascular mortality 
in smokers was due to smoking, it was not medi- 
ated by obesity or elevated blood pressure and 
probably not by elevated serum cholesterol. 

In 1957, Bargeron and co-workers carried out 
on man the first investigations using direct cathe- 
terization of the coronary sinus and a needle in 
the femoral artery. They found that smoking a 


cigarette caused a significant rise in coronary 
blood flow and heart rate, a significant decline 
in coronary vascular resistance and myocardial 
extraction of oxygen and glucose. Thus, smoking 
did not produce constriction of the coronary 
blood vessels in normal subjects. 

Regan, Hellems and Bing compared the effects 
of smoking on normal individuals and patients 
with coronary heart disease (none in congestive 
failure). In normals, a significant rise in coro- 
nary blood flow and heart rate and a significant 
decline in coronary vascular resistance and myo- 
cardial extraction of oxygen were noted. In pa- 
tients with coronary artery disease, coronary blood 
flow and myocardial oxygen extraction was un- 
changed except for a small decline in a few cases, 
but the pulse rate, systemic arterial pressure, car- 
diac output, and work increased. These changes 
increased the ratio work over oxygen consump- 
tion. Thus, the anginal pain experienced in some 
individuals during smoking may be the result of 
increased work of the heart rather than decreased 
coronary blood flow. 

Electrocardiographic Findings: Before smok- 
ing or the injection of nicotine in men, von Ahn 
produced hypoxia of the myocardium and coro- 
nary insufficiency by the inspiration of oxygen- 
poor gases. He concluded that it is unlikely 
that the electrocardiographic changes provoked 
by smoking or injection of nicotine during hy- 
poxia in persons with clinically healthy hearts 
were of coronary origin, but that they were prob- 
ably secondary to increased heart rate. 

Ballistocardiographic Findings: Starr first used 
the ballistocardiogram to record the stroke vol- 
ume of the heart to determine the cardiac output. 

Many refinements have been made in the bal- 
listocardiograph and numerous studies have been 
carried out. Apparently the high incidence of 
abnormal ballistocardiograms among older per- 
sons limits the value of this method in persons 
more than 50 years of age. The relative frequency 
of normal records from those less than 50 years 
old who have clinical evidence of coronary dis- 
ease likewise impairs the diagnostic usefulness of 
this instrument. 

Davis and his group, after extensive studies, 
demonstrated that patients with ischemic heart 
disease reacted with ballistocardiographic deteri- 
oration much more frequently after smoking than 
did apparently normal subjects. They indicated 
that this “test” should be considered more of a 
challenge to the clinical investigators than a rou- 
tine clinical procedure. 

Strober studied the effects of smoking on 2,736 
male subjects at an Air Force base. Most of the 
subjects had normal ballistocardiograms, but a 
rapidly increasing incidence of abnormal ballisto- 
cardiograms occurred with increasing age; 72.7 
per cent of those in the 45 to 51 year group re- 
sponded positively. Thus, this test may detect 


asymptomatic coronary artery disease. Also, of 
the 120 smokers in the obese group, 45 per cent 
had abnormal tracings after smoking; whereas, in 
the nonobese group, 3.6 per cent had abnormal 
tracings. Brozek and Keys noted no significant 
differences in relative weight, arm diameter cor- 
rected for subcutaneous fat (as a measure of 
muscularity), or body density between a group 
of middle-aged business and professional men 
who never smoked and a group who were heavy 
smokers. 

Master and others pointed out that at rest pe- 
ripheral vascular disease may produce an ab- 
normal ballistocardiogram in the absence of car- 
diac disease, but when cardiac disease is evident 
together with peripheral vascular disease, all the 
ballistocardiograms are abnormal. 

Russek and co-workers likewise reported that 
in the case of the ballistocardiogram, the nicotine 
response is based primarily on peripheral vas- 
cular constriction and not on alterations in coro- 
nary blood flow. 

Thomas and her associates have carried out a 
series of studies to determine the effect of smok- 
ing on healthy medical students by means of the 
ballistocardiograph. Changes in blood pressure, 
pulse, cardiac output and stroke volume were 
observed after smoking one cigarette. There was 
variability but the individual changes were con- 
sistent. Those with a family history of hyperten- 
sion had an increased cardiac output and those 
with family histories of coronary disease gener- 
ally showed a lowered cardiac output. When the 
same subjects were tested in a similar manner 
after several years, the results were the same. 
Comparison of the responses of blood pressure 
and heart rate to both the smoking test and the 
cold pressor test did not correlaie well and inde- 
pendent information seemed to be gained from 
each test. Accordingly, both tests may contribute 
to the appraisal of individual circulatory reactiv- 
ity, and one test did not replace the other. 


Summary 


Smoking or the injection of nicotine produces 
transient vascular effects on the heart and blood 
vessels and no tolerance develops to tobacco with 
respect to the vascular effects. Oral administra- 
tion of alcohol does not prevent the constriction 
which develops during smoking. 

Of the men with peripheral arteriosclerosis, 
97.5 per cent were smokers and 2.5 per cent non- 
smokers. The incidence is similar in patients with 
thromboangiitis obliterans. 

While the ballistocardiograph is considered by 
some workers as not being ready for use in diag- 
nosis, it has proved an interesting method for in- 
vestigation. The findings of abnormal ballisto- 
cardiograms before and after smoking in the off- 
spring of hypertensive parents and after smoking 


in the offspring of parents with coronary heart 
disease are of great interest. 

Experimental evidence indicates that smoking 
or the injection of nicotine does not produce cor- 
onary constriction, as there is a significant rise 
in coronary blood flow but a definite decline in 
coronary vascular resistance and myocardial ex- 
traction of oxygen and glucose. Apparently, if 
the coronary blood vessels are normal the oxygen 
supply is increased sufficiently to meet the greater 
myocardial oxygen demand without any unfavor- 
able effect on mechanical efficiency. However, if 
anginal pain occurs in some individuals during 
smoking, it may be the result of increased work 
of the heart due to sympathomimetic effects. 

The most provocative experimental work is that 
of Burn and Rand who suggested that peripheral 
vascular disease could be explained by a sensi- 
tivity to the action of nicotine, which releases 
catecholamines from chromaffin tissue located 
near the blood vessels of the skin. Likewise, they 
demonstrated that the stimulant action of nicotine 
on the isolated atria of the hearts of rabbits was 
due to a release of adrenalin and noradrenalin 
from the stores of the heart. They concluded that 
smoking can liberate noradrenalin and adrenalin 
from the stores within the heart and thereby pro- 
duce acceleration of the rate and may cause or ex- 
aggerate ventricular arrhythmias. These inves- 
tigations were substantiated in part in humans 
by Stromblad, who injected nicotine into the 
brachial artery of normal subjects and found that 
the vasoconstriction produced by nicotine could 
be abolished with sympathicolytics and ganglion- 
blocking agents. 

Grace M. Rotu, Ph.D. 
Consultant, Vascular Laboratory 
Lovelace Clinic 

Albuquerque, New Mexico 
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